Because trans fatty acids (TFAs) are a potent risk factor for coronary heart disease, it is important to know the amount of TFA consumed. We estimated TFA intakes of Japanese university students by direct measurement. Subjects included 118 students (57 males and 61 females) in two regions of Japan: Kanto (Tokyo area) and Okinawa. A dietary survey was conducted over six consecutive days using dietary records and photographic records. A single-day meal in the survey period was reproduced to measure TFA content by gas chromatography. The median values of TFA intakes (and energy percentage) estimated by the contents of reproduced meals for men were 0.43 g/d (0.22%) in Kanto and 0.30 g/d (0.14%) in Okinawa. Corresponding values for women were 0.49 g/d (0.29%) and 0.73 g/d (0.35%), respectively. Compared to the group with a low TFA intake, the subjects with a high TFA intake consumed significantly more energy from total fat and saturated fatty acids, and had a high ratio of TFA/linoleic acid. In addition, multiple regression analysis showed the intakes of TFA were positively associated with those of saturated fatty acids and groups of nonessential groceries such as cookies, cakes and pastries. In conclusion, the TFA intakes of these survey subjects were relatively lower than the WHO recommended energy ratio ( Ͻ 1%). However, nutritional education on dietary habits seems indispensable for those subjects who are consuming high volumes of TFA.
Partially hydrogenated vegetable oils containing various amounts of trans fatty acids (TFAs) are commonly used worldwide in the preparation of margarines, shortenings, fast foods, and processed foods. TFAs increase the risk of coronary heart disease (CHD) through their adverse effects on blood cholesterol metabolism and aortic function (1) (2) (3) . Several prospective cohort studies have also shown a positive correlation between TFA intake and the risk of CHD (4) (5) (6) . To avoid the adverse effects, TFA intake of less than 1% of total energy is recommended in the report of the Joint WHO/FAO Expert Consultation ( 7 ) . The French Food Safety Agency (AFSSA) has recommended a value of 2% of total energy intake as the maximum TFA consumption level ( 8 ) .
Several countries are now regulating TFA contents in commercially available processed foods and in foods served in restaurants. In the United States, processed foods containing more than 0.5 g of TFA per serving are required to indicate the contents on food labels ( 9 ) . Several cities, including New York, NY, are currently restricting the use of TFA in restaurants to less than 0.5 g/serving ( 10 ) . In contrast to other countries, there is no TFA ban in Japan and no TFA content is provided on food labels, although legislation of TFA contents is currently under examination. Because the TFA content of food is not shown in the Japanese standard food table currently available, the Fifth Revised and Enlarged Edition of the "Tables of Fatty Acid Composition in Japan" ( 11 ) , TFA intake cannot be estimated in dietary surveys based on weighing foods or subject interviews. Consequently, reports on TFA intake by Japanese subjects are limited and insufficient (12) (13) (14) (15) (16) (17) . In its current fact sheet ( 18 ) , the Food Safety Commission of the Cabinet of Japan reported that, although the mean intake of TFA by Japanese individuals, estimated by the build-up method, is not at an excessive level (that is, 0.7 g/d or 0.3% energy), guidance should be provided for those who are consuming dietary fats above the mean level, particularly in younger generations who typically consume more fast foods and processed foods compared with older generations.
When discussing the adverse effects of TFA, it is important to consider the amounts and types of other fatty acids (FAs) in dietary fats consumed simultaneously, because individual FAs have different effects on serum cholesterol levels. Among people in developed countries, Japanese have a proper pattern of fat intake, E-mail: kawabata@eiyo.ac.jp as characterized by low intakes of total fats and saturated fatty acids (SFAs) and high intakes of n -3 polyunsaturated fatty acids (PUFAs) ( 19 ) . This tendency has been considered a healthy pattern of fat intake compared to the high-fat diets in Western countries. If the actual values of the amounts of TFA and other FAs consumed by Japanese can be assessed, useful information could be provided to avoid the harmful effects of TFA.
In this study, we estimated TFA intakes by 118 Japanese university students (57 males and 61 females) in two regions of Japan: Kanto (Tokyo area) and Okinawa. A dietary survey was conducted over six consecutive days using dietary records and photographic records. Of 6 d, 1 day's meals were reproduced and TFA contents were analyzed directly using gas chromatography. We were thus able to assess the mean and individual TFA and other FAs consumed.
SUBJECTS AND METHODS

Subjects.
The survey was conducted in two regions of Japan, Kanto and Okinawa. Kanto, including the Tokyo Metropolitan Area, is in mainland Japan and served as the reference area. Okinawa is located in the southwestern-most part of Japan. We recruited volunteers under the inclusion criteria for subjects with no signs of any disease, no allergies, and no extreme dietary limitations. A total of 119 university students were recruited in the two regions, but one man from the Okinawa region did not submit digital images of meals or dietary records. Thus, data from 118 subjects, aged 18 to 26 y, were analyzed, including 32 Kanto men, 25 Okinawa men, 31 Kanto women, and 30 Okinawa women. Most of the Kanto men were university students from the Department of Science, and the Kanto women were dietetic university students; the Okinawa men and women were university students from the Department of Education.
Survey period. In Kanto subjects, the survey was conducted for 6 consecutive days, starting on October 6, 2007 for men, and on September 29, 2007 for women. In Okinawa, the survey was similarly conducted, starting on October 19, 2007 for both men and women.
Dietary survey. The dietary survey was conducted for 6 consecutive days using a written dietary record and a photographic record. Before the survey, subjects were instructed on how to keep dietary records and take pictures of their meals. All digital images of "before" and "after" meals, even if there were no leftovers, were recorded by subjects. When pictures were taken, subjects were requested to place a card (6 ϫ 8 cm 2 ) alongside the dishes to provide a size scale. The camera was set 30-80 cm above the food at an approximately 45å ngle. Photographic conditions were as follows: digital camera, DiMAGE X21 (Konica Minolta Photo Imaging, Inc., Tokyo, Japan); image size, 1,600 ϫ 1,200 pixels, standard type; and number of pixels, 1.9 million. The digital cameras were lent to subjects during the survey period. For processed foods, subjects were asked to photograph food labels that showed the product name and ingredients.
We interviewed subjects at the end of the survey investigation, collected dietary records and digital images of the meals, and confirmed the brand name of processed foods, the location of the grocery store where the food was purchased, and any missing items on dietary records. Weights of food consumed were estimated from images taken before and after meals. The Fifth Revised and Enlarged Edition of the "Standard Tables of Food Consumption in Japan" ( 11 ) was used as a reference for energy intake.
The study protocol and informed consent form were approved by the Medical Committee of Kagawa Nutrition University. Written informed consent was obtained from all participants.
Sample preparation for TFA analysis. Meals were reproduced based on 1 day's diet records from the fifth day of the survey period and offered for total fat and FA analyses. We selected the fifth day because by that time, subjects were accustomed to and not conscious about recording meals. During the survey, subjects were not 1) For prepared foods such as boxed lunches, readyto-eat foods, and fast foods, the same foods as those eaten by subjects were purchased from the identical grocery stores the subjects purchased them from in both regions.
2) For nationwide and generally available processed foods (sweets, bread, vegetable oil and fat, mayonnaise, and dairy products), the same brands were purchased at grocery stores near our laboratory.
3) For fresh foods, the same types of foods were purchased at grocery stores near our laboratory. 4) For products available for a limited period that were unavailable later, we substituted a similar product sold at the same grocery store where the subjects purchased them in both regions. Foods from Okinawa were frozen and transported by air to our laboratory.
To completely reproduce the meals consumed during 1 d, foods that were obtained based on food records were weighed and prepared for eating. After reviewing the food records, all the foods for 1 d (breakfast, lunch, dinner, and snacks) were weighed, homogenized in a food cutter (CQM-50, Toshiba, Tokyo, Japan), and 200 g of the homogenate was then re-homogenized more finely in a homogenizer (IFM-700G, Iwatani, Tokyo, Japan). The homogenates were stored at Ϫ 20˚C until used for analyses.
Analysis of total fats and FA. The total fats were extracted by the chloroform-methanol mixture, purified, and weighed ( 20 ) . After adding nonadecanoic acid (C19:0) to the extract as an internal standard, fats were converted to fatty acid methyl esters (FAMEs) using boron trifluoride-methanol solution ( 21 ) . FAME compo-sition was analyzed by gas chromatography using a DB-23 capillary column (30 m ϫ 0.25 mm i.d., 0.25 m film thickness, J.&W. Scientific, Folsom, CA) ( 22 ) . An aliquot of FAME was fractionated by silver nitrateimpregnated silica gel thin-layer chromatography according to the number and geometry of double bonds. The developing solvent was a mixture of n -hexane/ethyl and acetate/xylene (90 : 5 : 5 v/v). The SFA and TFA fractions were collected together, eluted several times with diethyl ether, and the FA composition was analyzed by gas chromatography as described above. The various cis and trans FAs in the samples were identified by comparing retention time of the standard mixtures (Sigma-Aldrich, St. Louis, MO).
Although our gas chromatographic conditions well separated trans isomers of 16-to 22-carbons, we detected only trans isomers of 18:1, 18:2 and 18:3. Consequently, total TFAs are expressed as the sum of trans isomer of 18:1, 18:2 and 18:3. In general, 18:1 t isomers were the most prominent component in all samples, 70-80% of total TFA (see Table 1 ).
Statistical analysis. Data are presented as mean values ( Ϯ standard deviations) for the day the meals were reproduced. Because the TFA content on the day the meals were reproduced for each group was not assessed for normal distribution and variance, these data are presented as medians (interquartile range (IQR), 25th-75th percentile). To clarify the characteristics of food consumption of subjects with a high TFA intake, total subjects were categorized according to the median of total TFA for men (0.39 g/d) and women (0.60 g/d). In addition, to predict the TFA intake, stepwise multiple regression analysis was performed. The TFA intake was estimated by the content of the reproduced meal as the dependent variable and the intakes of SFA, instant noodles, cookies and cakes and pastries as the independent variable. Individual food groups were classified according to the report of the Food Safety Commission in Cabinet Office, Government of Japan ( 15 ) . The food groups were transformed into categorical data (0, not eaten; 1, eaten).
Statistical differences of groups were examined with Student's t -test, the Wilcoxon rank sum test, or the χ 3 Fat and FA intakes were estimated by the contents of the reproduced meals. 4 Values are mean Ϯ SD. 5 Total TFA contents are expressed as the sum of trans isomer of 18:1, 18:2 and 18:3. 6 Values are medians; interquartile ranges in parentheses. 7 Student's t -test or the Wilcoxon rank sum test was used to test for significant differences between the regions. Table 1 shows age, body mass index (BMI), energy intake estimated by calculation, and fat and FA intakes estimated by the contents of reproduced meals for all subjects. In this study, no limitations were set on physique in the recruitment of subjects. The subjects' heights and weights were quoted from values on questionnaire forms written by the subjects themselves at the start of the dietary survey. No significant differences were seen in height, weight, or BMI between subjects of the same gender from different regions. In addition, there were no significant differences in intakes or energy percentages of total TFA between subjects of the same gender from different regions. The 18:1 t accounted for 70-80% of total TFA, and the contents of other trans polyunsaturated isomers were low.
RESULTS
The box and whisker plots for intake and energy per- 2 Fat and FA intakes were estimated from the contents of the reproduced meals. 3 Values are meanϮSD. 4 Total TFA contents are expressed as the sum of trans isomer of 18:1, 18:2 and 18:3. 5 Significant differences were examined using Student's t-test.
centage of total TFA in subjects are shown in Fig. 1 . In both genders, these parameters were distributed in a positive direction. For total TFA intakes, six men and four women had outlier values (men: . Within all subjects, one man (1.8% of all men) and seven women (11.5% of all women) exceeded 1% energy from total TFA, and only one Okinawan woman exceeded 2% energy from total TFA. Energy, fat and FA intakes categorized according to median total TFA intake estimated by the contents of the reproduced meals by men (0.39 g/d) and women (0.60 g/d) are shown in Table 2 . Compared with the low TFA group, the high TFA group had significantly higher values for the intakes and energy percentages of fats in both men and women (intake of fat: men pϽ 0.001, women pϭ0.001; energy percentage of fat: men pϭ0.003, women pϭ0.011). In addition, the high TFA group had significantly higher percentages of energy from total FA and SFA in both men and women (total FA: men pϭ0.003, women pϭ0.009; SFA: men pϭ0.003, women pϽ0.001). The ratio of total TFA/ linoleic acid (LA) of the high TFA group was significantly higher in both genders (both pϽ0.001).
Results of stepwise multiple regression analysis of total TFA intakes estimated by the contents of reproduced meals as a dependent variable are shown in Table  3 . Total TFA intakes were positively associated with the intakes of SFA (pϽ0.001) and the appearances of cookies (pϭ0.018), cakes and pastries (both pϭ0.033), and inversely associated with the appearance of instant noodles (pϭ0.008). (7), and only one Okinawan woman exceeded the value recommended by the AFSSA of less than 2% energy (8) .
DISCUSSION
In a previous study among Japanese people, the means of TFA intake were estimated at 1.56 (12) and 1.8 g/capita/d (13) (both based on the amounts of oils produced), 0.3-0.5% of energy (24-h dietary recall) (14) , and 0.7 g/capita/d or 0.3% energy (build-up method) (15) . The total TFA intakes measured in the present survey were almost the same or even lower than the values reported by these previous studies. However, our data could not be compared directly with available data, because of the difference in the analytical methods. In addition, three of these previous studies (12) (13) (14) were analyzed during the 1990s, and there is a possibility that the contents of TFA differ from those of our study as reflecting the regulation of the contents. Recently, the results of studies among Japanese women dietetic students (16) , and people of four districts (17) were reported. Although the reported values for total TFA intakes were comparable, the proportion of subjects in our study who consumed TFA exceeding the recommended WHO value was still lower (men: 1.8% vs 5.7%; women: 11.5% vs 24.4%) (17) , probably due to inclusion in their food database of data reported after 1992 (16, 17) . In recent years, the TFA contents in margarines and shortenings have been decreasing worldwide in response to regulation (23) (24) (25) . Despite the lack of regulation, Japanese food industries have also been making efforts to reduce TFA contents over the past few years (26) , particularly motivated by the TFA regulations in the United States (9) and New York, NY (10) . Consequently, in the present study, total TFA contents of the meals were relatively low, reflecting in part the recent decreasing trend of TFA contents of processed foods.
In a separate study, we measured the intake of TFA in 25 young Japanese women, and found that subjects with a high dietary intake of processed foods rich in TFA may exceed predicted levels (27) . When assessing TFA intake, therefore, it is necessary to pay attention to subjects who are consuming TFA more than on the average. In the present survey, compared to the group with a low intake of TFA, the group with a high intake of TFA consumed significantly more energy from total fats and SFA, and had a high ratio of TFA/LA, suggesting the risk of serum cholesterol elevation (28) . In addition, the intakes of TFA were positively associated with those of SFA, and nonessential groceries such as groups of cookies, cakes and pastries by multiple regression analysis. Because similar tendencies have also been reported by young Japanese women (16) and even people in Western countries (5, 6) , it is probable that our subjects also have a similar nutritional environment. To avoid the harmful effects of TFA, therefore, nutritional education on dietary habits, including TFA, is indispensable (29) . There is, however, a limitation in applying these results to the general Japanese population, as all of our subjects were university students. In addition, the Kanto women were enrolled in a registered dietitian training course. As most of the subjects have nutritional knowledge and are educated in completing dietary surveys, their dietary records might be more reliable than those of general university students (30) . However, the fat intakes in Kanto women tended to be lower compared to the reported data, in which a selfadministered diet history questionnaire was estimated using a sample population consisting of selected female students who enrolled in dietetic courses (31) . In an orientation preceding the survey, the study outline was explained and the measurements of fats and FA (including TFA) contents of the meals were described. Therefore, food selection bias, especially in Kanto women, might be present.
In conclusion, the TFA intakes estimated by the contents of the meals reproduced in this survey were relatively lower than the FAO/WHO recommended energy ratio, less than 1%. However, the intakes of TFA were positively associated with those of SFA, and nonessential groceries such as groups of cookies, cakes and pastries. Nutritional education on dietary habits seems indispensable for those subjects who are consuming high amounts of TFA.
